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Abstract
We study a U(N) gauged N = 2 supergravity model with one hypermultiplet
parametrizing SO(4, 1)/SO(4) quaternionic manifold. Local N = 2 supersymmetry is
known to be spontaneously broken toN = 1 in the Higgs phase of U(1)graviphoton×U(1).
Several properties are obtained of this model in the vacuum of unbroken SU(N) gauge
group. In particular, we derive mass spectrum analogous to the rigid counterpart and
put the entire resulting potential on this vacuum in the standard superpotential form
of N = 1 supergravity.
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I. Introduction
For more than a decade, N = 2 supersymmetry both in its local and rigid realizations
has played an important role in the theoretical developments of quantum field theory and
particle physics. It has led us to the subject of exactly determined low energy effective actions
[1, 2] and has inspired the construction of Lagrangians based on special Ka¨hler geometry
[3, 4, 5, 6, 7, 8, 9, 10]. These achievements have proven valuable in order to analyze some of
the phenomena which occur in string theory.
Spontaneous breaking of N = 2 supersymmetry to N = 1 is an interesting problem
in the light of its implications of string theory to the low energy N = 1 supersymmety,
which is phenomenologically promising. We give here a partial list of the references of this
subject on the linear realizations [11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25]. In
particular, spontaneous partial breaking of rigid N = 2 supersymmetry in the U(N) gauge
model with or without hypermultiplets has been demonstrated recently [22, 23, 24, 25] under
a generic breaking pattern of the U(N) gauge symmetry. Several other properties of this
model have been obtained. It should be emphasized that the partial breaking of rigid N = 2
supersymmetry is realized here in the Coulomb phase of overall U(1), the Nambu-Goldstone
fermion being the superpartner of the massless photon and that both interact with the
SU(N) sector thanks to the non-Lie algebraic property of the prepotential.
There are already considerable differences between the rigid special Ka¨hler geometry and
its local counterpart and between the hyperka¨hler geometry and the quaternionic geometry
as have been emphasized in the literatures [7, 8, 9]. This is bound to be reflected in the
comparison of the vacuum analysis of a rigid N = 2 effective action with its supergravity
counterpart. This will be a thrust of the present paper. Spontaneous partial breaking of
local N = 2 supersymmetry has been studied in [11, 12, 13, 17, 18, 19, 20, 21]. It was noted
from the beginning that both the Higgs and the super-Higgs mechanisms must take place
simultaneously and that the vacuum must lie in the Higgs phase of U(1)graviphoton × U(1).
The tight structure of the spectrum produced by the mechanisms requires at least one
hypermultiplet with two U(1) translational isometries to be introduced in the models.
In this paper, we study some of the basic and yet unexplored properties of the U(N)
gauged N = 2 supergravity model in which local N = 2 supersymmetry is partially broken
spontaneously. In particular, the holomorphic section of our model is chosen as a generic
function which leads to the nontrivial scalar coupling terms and the scalar potential. (In
reference [12], a simple form of the section has been adopted.) In the next section, we
briefly review U(N) gauged N = 2 supergravity in four dimensions and consider the model
which contains a U(N) vector multiplet and a hypermultiplet parametrizing SO(4, 1)/SO(4)
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quaternionic manifold. Because of the choice of the section we need careful consideration of
the vacuum, which is done in section three. We consider and solve the vacuum conditions of
the model under the assumption of unbroken SU(N) gauge symmetry. The second vacuum
condition, which is a variation of the potential with respect to the hypermultiplet scalar bu,
was not considered before and the super-Higgs mechanism can not operate without this one.
Partial breaking of local N = 2 supersymmetry is exhibited. In section four, we derive the
mass spectrum of the model and interpret it in terms of N = 1 on-shell supermultiplets. In
section five, we construct the entire Lagrangian on this vacuum and express it in terms of
two superpotentials which are related to each other by a simple relation (5.9). The resulting
form conforms to the standard form of N = 1 supergravity.
II. U(N) Gauged N = 2 Supergravity
The field contents of U(N) Gauged N = 2 Supergravity are summarized as follows:
• supergravity multiplet
consisting of the vierbein eiµ (i, µ = 0, 1, 2, 3), two gravitini ψ
A
µ (A = 1, 2) and the
graviphoton A0µ. (The upper and the lower position of the index A represent left and
right chirality respectively.)
• vector multiplet
consisting of a gauge boson Aaµ, two gaugini λ
aA and a complex scalar za. The index a
(a = 1, . . . , N2) labels the generators of the U(N) gauge group and a = N2 ≡ n refers
to the overall U(1). (The notation on the chirality is opposite to that of the gravitini,
namely, the upper and the lower position denote right and left chirality respectively.)
• hypermultiplet
consisting of two hyperini ζα (α = 1, 2) and four real scalars bu (u = 0, 1, 2, 3). (The
upper and the lower position of the index α represent left and right chirality respec-
tively.)
General construction of the Lagrangian of gauged N = 2 supergravity has been given in
[3, 5, 7]. We exhibit the parts of the Lagrangian and the supersymmetric transformation
laws which are necessary for our analysis of the vacuum.
3
A. Vector Multiplet
The manifold associated with the vector multiplet is special Ka¨hler of the local type [3, 4,
5, 6, 7, 8, 9, 10]. It is equipped with a holomorphic section,
Ω(z) =
(
XΛ(z)
FΛ(z)
)
, Λ = 0, 1, . . . , n (2.1)
The index 0 refers to the graviphoton part. In terms of this section, the Ka¨hler potential is
given by,
K = − log i 〈Ω|Ω¯〉 = − log i(X¯ΛFΛ −XΛF¯Λ), (2.2)
where
i
〈
Ω|Ω¯〉 ≡ −iΩT ( 0 I−I 0
)
Ω∗. (2.3)
The non-holomorphic section is introduced by
V =
(
LΛ
MΛ
)
≡ eK/2Ω = eK/2
(
XΛ
FΛ
)
, (2.4)
and its covariant derivative is
Ua ≡ ∇aV = (∂a + 1
2
∂aK)V ≡
(
fΛa
hΛ|a
)
. (2.5)
One characteristic property of N = 2 supergravity, which follows from the special Ka¨hler
geometry of the local type, is the existence of totally symmetric rank-three tensor Cabc such
that
∇aUb = iCabcgcd∗U¯d∗ . (2.6)
(See, for example, [7, 8]). The generalized gauge coupling matrix N¯ΛΣ is introduced via the
following relations:
M¯Λ = N¯ΛΣL¯Σ, hΛ|a = N¯ΛΣfΣa . (2.7)
The solution is given in terms of two (n+ 1)× (n+ 1) matrices
fΛI =
(
fΛa
L¯Λ
)
, hΛ|I =
(
hΛ|a
M¯Λ
)
(2.8)
as
N¯ΛΣ = hΛ|I(f−1)IΣ. (2.9)
It is well-known that this quantity appears in the kinetic term of the gauge bosons.
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To specify the model, we need to choose the holomorphic section. Our choice, which is
essentially that of [13], is
X0(z) =
1√
2
, F0(z) =
1√
2
(
2F(z)− za∂F(z)
∂za
)
,
X aˆ(z) =
1√
2
zaˆ, Faˆ(z) =
1√
2
∂F(z)
∂zaˆ
, (2.10)
Xn(z) =
1√
2
∂F(z)
∂zn
, Fn(z) = − 1√
2
zn,
where the index aˆ = 1, . . . , n − 1, labels the generators of SU(N) subgroup. It has been
obtained from the derivatives of the holomorphic function F (X0, Xa) = (X0)2F(Xa/X0),
that is, ∂F/∂XΛ and performing the symplectic transformation Xn → −Fn, Fn → Xn. The
Ka¨hler potential and its derivatives are given by
K = − logK0, (2.11)
∂aK0 = i
2
(Fa − F¯a − (zc − z¯c)Fac) , (2.12)
gab∗ = ∂a∂b∗K
= ∂aK∂b∗K − i
2K0 (Fab − F¯ab), (2.13)
where Fa = ∂F/∂za and
K0 = i
(
F − F¯ − 1
2
(za − z¯a)(Fa + F¯a)
)
. (2.14)
Furthermore, the covariant derivative of fΛa is
∇af 0b ≡
ieK/2√
2
Cabcg
cd∗∂d∗K
≡ ∂af 0b + Γcabf 0c +
1
2
∂aKf 0b
=
eK/2√
2
(
∂a∂bK − ∂aK∂bK + 1K0g
cd∗(∂a∂bK0∂d∗K + ∂a∂b∂d∗K0)∂cK
)
, (2.15)
∇afnb ≡
ieK/2√
2
Cabcg
cd∗(F¯nd + ∂d∗KF¯n)
=
eK/2√
2
(Fnab − ∂aK∂bKFn + ∂a∂bKFn)
+
eK/2√
2K0
gcd
∗
(∂a∂bK0∂d∗K + ∂a∂b∂d∗K0) (Fnc + ∂cKFn). (2.16)
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The Christoffel symbol is defined as Γcab = −gcd∗∂bgad∗ . These equations will be used in the
analysis of the potential term.
In order gauge the vector multiplet, first introduce the Killing vectors which are defined
by
kca∂c = f
c
abz
b∂c, k
c∗
a ∂¯c∗ = f
c
abz¯
b∗ ∂¯c∗ , (2.17)
where fabc is the structure constant of the U(N) gauge group satisfying
[ta, tb] = if
c
abtc. (2.18)
We will deal with the case in which the Lie derivative LΛ satisfies
0 = LΛK = kbΛ∂bK + kb
∗
Λ ∂b∗K. (2.19)
The covariant derivative of the scalar fields, for example, takes the standard form:
∇µza = ∂µza + AΛµkaΛ
= ∂µz
a + fabcA
b
µz
c. (2.20)
B. Hypermultiplet
Four real scalar components bu of the hypermultiplet span the quaternionic manifold which
is taken to be SO(4, 1)/SO(4). The quaternionic geometry is in general determined by a
triplet of quaternionic potentials,
Ωx = Ωxuvdb
u ∧ dbv (2.21)
= dωx +
1
2
ǫxyzωy ∧ ωz, x = 1, 2, 3,
where ωx = ωxudb
u are the SU(2) connections. In this paper, we take the same parametriza-
tions as that of [12, 13]. The above quantities read
ωxu =
1
b0
δxu, Ω
x
0u = −
1
2(b0)2
δxu, Ω
x
yz =
1
2(b0)2
ǫxyz. (2.22)
The metric huv of this manifold is
huv =
1
2(b0)2
δuv, (2.23)
while the symplectic vielbein is
UαAu dbu, (α,A = 1, 2), UαA =
1
2b0
ǫαβ(db0 − iσxdbx) Aβ , (2.24)
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where σx are the standard Pauli matrices.
Let us introduce the Killing vectors kuΛ and the momentum maps PxΛ associated with two
U(1) translational isometries of this quaternionic manifold [13]:
ku0 = g1δ
u3 + g2δ
u2, kuaˆ = 0, k
u
n = g3δ
u2,
Px0 =
1
b0
(g1δ
x3 + g2δ
x2), Pxaˆ = 0, Pxn =
1
b0
g3δ
x2. (2.25)
Here g1, g2, g3,∈ R are coupling constants. These constants play the same role as the super-
potential and the Fayet-Iliopoulos term do in the rigid theory [14, 22, 24, 25].
C. The Lagrangian of N = 2 Supergravity
Let us write the parts of the Lagrangian of the N = 2 gauged supergravity which is needed
in our analysis:
L = √−g (Lkin + Lmass − V (z, z¯, b) + . . .) , (2.26)
where
Lkin = R + gab∗∇µza∇µz¯b∗ + huv∇µbu∇µbv + ǫ
µνλσ
√−g (ψ¯
A
µ γν∇λψAσ − ψ¯Aµγν∇λψAσ )
+
1
4
(ImN )ΛΣFΛµνFΣµν +
1
4
(ReN )ΛΣFΛµνF˜Σµν
−igab∗ λ¯aAγµ∇µλb∗A − 2iζ¯αγµ∇µζα + . . . , (2.27)
LYukawa = 2SABψ¯Aµ γµνψBν + igab∗W aABλ¯b
∗
A γµψ
µ
B + 2iN
A
α ζ¯
αγµψ
µ
A
+Mαβ ζ¯αζβ +MαaB ζ¯αλaB +MaA|bBλ¯aAλbB + h.c., (2.28)
V (z, z¯, b) = gab∗k
a
Λk
b∗
Σ L¯
ΛLΣ + gab
∗
fΛa f¯
Σ
b∗PxΛPxΣ + 4 huvkuΛkvΣL¯ΛLΣ − 3 L¯ΛLΣPxΛPxΣ. (2.29)
Here FΛµν are the field strengths of the U(N) gauge fields and that of the graviphoton field,
and F˜Λµν are their Hodge duals. The supersymmetry transformation laws of the fermions are
δψAµ = iSABγµǫ
B + . . . , (2.30)
δλaA = W aABǫB + . . . , (2.31)
δζα = N
A
α ǫA + . . . . (2.32)
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The matrices appearing in the supersymmetry transformation laws and in eq. (2.28) are
composed of the geometric quantities listed in the last two subsections:
SAB =
i
2
(σx)ABPxΛLΛ, (2.33)
W aAB = ǫABkaΛL¯
Λ + i(σx)
ABPxΛgab
∗
f¯Λb∗ ≡W aAB1 +W aAB2 (2.34)
NAα = 2 UAαukuΛL¯Λ, (2.35)
Mαβ = −UAαu UBβv ǫAB∇[ukv]ΛLΛ, (2.36)
MαbB = −4 UαBukuΛfΛb , (2.37)
MaA|bB = 1
2
(
ǫABgac∗k
c∗
Λ f
Λ
b + i(σx)ABPxΛ∇bfΛa
)
(2.38)
≡ M1aA|bB +M2aA|bB. (2.39)
We obtain explicit forms of these matrices from (2.11)-(2.13), (2.17) and (2.22)-(2.25):
SAB = − ie
K/2
2
√
2b0
(
i(g2 + g3Fn) g1
g1 i(g2 + g3Fn)
)
, (2.40)
W aAB1 = −ieK/2Da
(
0 1
−1 0
)
, (2.41)
W aAB2 =
eK/2√
2b0
gab
∗
(
g2∂b∗K+g3(F¯nb+∂b∗KF¯n) ig1∂b∗K
ig1∂b∗K g2∂b∗K+g3(F¯nb+∂b∗KF¯n)
)
, (2.42)
NAα =
ieK/2√
2b0
(
g1 −i(g2 + g3F¯n)
i(g2 + g3F¯n) −g1
)
, (2.43)
Mαβ = ie
K/2
√
2b0
(
−i(g2 + g3Fn) g1
g1 −i(g2 + g3Fn)
)
, (2.44)
MαbB = −
√
2ieK/2
b0
(
g1∂aK i(g2∂aK+g3(Fna+∂aKFn))
−i(g2∂aK+g3(Fnb+∂aKFn)) g1∂aK
)
, (2.45)
M1;aA|bB = −ie
K/2
2
gac∗(∂b + ∂bK)Dc
(
0 1
−1 0
)
, (2.46)
M2;aA|bB = − 1
2b0
(
g2∇bf0a+g3∇bfna −ig1∇bf 0a
−ig1∇bf 0a g2∇bf0a+g3∇bfna
)
=
ieK/2
2
√
2
Cabcg
cd∗
(
g2∂b∗K+g3(F¯nb+∂b∗KF¯n) −ig1∂b∗K
−ig1∂b∗K g2∂b∗K+g3(F¯nb+∂b∗KF¯n)
)
. (2.47)
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Here we have introduced
Da = i√
2
fabcz¯
b∗zc. (2.48)
III. Partial Breaking of N = 2 Local Supersymmetry
By the gauging of hypermultiplet, the scalar potential takes a nontrivial form and is given
by
V (z, z¯, b) = eKgab∗DaDb + e
K
(b0)2
gab
∗
DxaD¯
x
b∗
− e
K
2(b0)2
(Ex +MxFn)(Ex +MxF¯n), (3.1)
with
Dxa =
1√
2
(Ex∂aK +Mx(Fna + ∂aKFn)) , (3.2)
Ex = (0, g2, g1),
Mx = (0, g3, 0).
The first term comes from the U(N) gauging of the vector multiplet while the second and
the last terms correspond to gauging of the hypermultiplet.
Let us find the conditions which determine the minimum of the potential. Let us first
consider the variations of V with respect to za. The derivative of the second and the third
terms of V reads
eK
(b0)2
(
(∂aK)gbc∗Dxb D¯xc∗ + (∂agbc
∗
)Dxb D¯
x
c∗ + g
bc∗(∂aD
x
b )D¯
x
c∗
)
=
eK
(b0)2
gbc
∗
D¯xc∗
(
∂aD
x
b − (∂bK)Dxa +
1
K0g
ed∗(∂a∂bK0∂d∗K + ∂a∂b∂d∗K0)Dxe
)
=
ieK
(b0)2
Cabcg
bd∗D¯xd∗g
ce∗D¯xe∗ , (3.3)
where we have used (2.15),(2.16) in the last equality. Thus, the first vacuum condition is
〈∂cV 〉 = 〈∂c
(
eKgab∗DaDb
)〉+ 〈 eK
(b0)2
iCacdg
ab∗D¯xb∗g
de∗D¯xe∗〉 = 0, (3.4)
The second vacuum condition is to be with respect to the hypermultiplet scalar bu. As the
potential contains only b0, the condition reads
〈∂V
∂b0
〉 = − e
K
(b0)3
〈2gab∗DxaD¯xb∗ − (Ex +MxFn)(Ex +MxF¯n)〉 = 0. (3.5)
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As we search for the vacua with unbroken SU(N) gauge symmetry in this paper, we will
work on the condition 〈za〉 = δanλ. Then 〈Da〉 = 〈 i√
2
fabcz¯
b∗zc〉 = 0 holds and 〈∂c(eKgab∗DaDb)〉 =
0. For concreteness, we assume a form of the gauge invariant function F(z) as the one which
parallels that of [24]:
F(z) = −iC
2
(zn)2 + G(z), (3.6)
G(z) =
k∑
l=0
Cl
l!
tr(zata)
l, (3.7)
where C ∈ R and Cl are constant. We will see that C must be nonvanishing in order for the
inverse of the Ka¨hler metric to exist.
Let us compute the expectation value of the derivative of F
〈Fa〉 = δan〈Fn〉,
〈Fna〉 = δan〈Fnn〉,
〈Faˆbˆ〉 = δaˆbˆ〈Fnn − iC〉,
〈Fnab〉 = δab〈Fnnn〉, (3.8)
where the explicit form of 〈Fn〉 and that of 〈Fnn〉 are respectively
〈Fn〉 =
∑
l
Cl
(l − 1)!λ
l−1 + iCλ,
〈Fnn〉 =
∑
l
Cl
(l − 2)!λ
l−2. (3.9)
It is easy to compute ∂aK,
〈∂aK〉 = −i〈e
K〉
2
〈Fa − F¯a − (λ− λ¯)Fan〉
= δan〈∂nK〉. (3.10)
The Ka¨hler metric gab is
〈gab∗〉 =

〈g11∗〉
〈g11∗〉 0
. . .
. . .
0 〈gnn〉

, (3.11)
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with
〈g11∗〉 = −i〈e
K〉
2
〈Fnn − F¯nn − 2iC〉,
〈gnn〉 = |〈∂nK〉|2 − i〈e
K〉
2
〈Fnn − F¯nn〉. (3.12)
Note that the diagonal components except 〈gnn〉 take the same value. By substituting the
above values, 〈Dxa〉 and 〈Cabc〉 take the following expression:
〈Dxa〉 = δan
1√
2
〈Ex∂nK +Mx(Fnn + ∂nKFn)〉,
= δan〈Dxn〉
〈Cabc〉 = 〈e
K〉
2
〈Fabc〉. (3.13)
Now we are ready to analyze (3.4) and (3.5). Substituting (3.8)-(3.13) into (3.4), we
obtain
〈 ie
2K
2(b0)2
Fnnngnn∗D¯xn∗gnn
∗
D¯xn∗〉 = 0. (3.14)
The points 〈Fnnn〉 = 0 are unstable vacua because 〈∂a∂b∗V 〉 = 0. The points which satisfy
〈gnn∗〉 = 0 and 〈∂nK〉 = 0 are not stable. The vacuum condition reduces to
〈D¯xn∗D¯xn∗〉 = 0, (3.15)
which implies 〈
Fn + Fnn
∂nK
〉
= −
(
g2
g3
± ig1
g3
)
. (3.16)
where we use 〈〈· · ·〉〉 for the vacuum expectation value of · · · which are determined as the
solutions to (3.15). We have also assumed g3 6= 0. Note that if g3 = 0 (3.15) leads to
g1 = g2 = 0 and the supersymmetry is unbroken.
The second condition (3.5) reads∣∣∣∣g1 ∓ ig3〈 Fnn∂nK
〉∣∣∣∣2 + g21 − 〈〈gnn∗|∂nK|2〉〉 2g21 = 0. (3.17)
When 〈〈Fnn〉〉 = 0, (3.12) imply
〈〈
gnn
∗|∂nK|2
〉〉
= 1. Thus the above equality is satisfied. On
the other hand, when 〈〈Fnn〉〉 6= 0, (3.17) leads to g3 = 0. This is proven in the appendix.
g3 = 0 conflicts with the assumption. The second vacuum condition thus reduces to
〈〈Fnn〉〉 = 0. (3.18)
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In the rigid theory [22, 24] with no hypermultiplet, there is no counterpart to this equation.
In fact, we will see shortly that N = 2 local supersymmetry is not broken partially without
invoking the second vacuum condition. We conclude from (3.16) (3.18)
〈〈Fn〉〉 = −
(
g2
g3
± ig1
g3
)
. (3.19)
In what follows, we take the + sign. So ∂aK and gab∗ take the following expression:
〈〈∂aK〉〉 = −δan
〈〈
eK
〉〉 g1
g3
,
〈〈g11∗〉〉 = −
〈〈
eK
〉〉
C,
〈〈gnn∗〉〉 = | 〈〈∂nK〉〉 |2 =
〈〈
e2K
〉〉(g1
g3
)2
. (3.20)
Note that C 6= 0 is necessary for the Ka¨hler metric to be invertible.
Let us see if extended supersymmetries are spontaneously broken or not by considering
the vacuum expectation values of the mass matrices (2.40)-(2.43). They are
〈〈SAB〉〉 = −
〈
ieK/2
2
√
2b0
g1
〉 (
1 1
1 1
)
,
〈〈
W aAB
〉〉
= δan
〈
ieK/2√
2b0
(∂nK)−1g1
〉 (
1 1
1 1
)
,
〈〈
NAα
〉〉
=
〈
ieK/2√
2b0
g1
〉 (
1 1
−1 −1
)
. (3.21)
Notice that these matrices have zero eigenvalues. Introducing φ± = 1√2(φ1 ± φ2) where
φ ∈ ψ, ζ, λ, we obtain the vevs of (2.30), (2.31), (2.32).
〈〈δψ+µ〉〉 =
〈
ieK/2
2b0
g1
〉
γµ(ǫ1 + ǫ2)
〈〈
δλa+
〉〉
= δan
〈
ieK/2
b0
g1(∂nK)−1
〉
(ǫ1 + ǫ2)
〈〈δζ−〉〉 =
〈
ieK/2
b0
g1
〉
(ǫ1 + ǫ2)
〈〈δψ−µ〉〉 =
〈〈
λa−
〉〉
= 〈〈ζ+〉〉 = 0. (3.22)
Let us further introduce
χ• ≡ 〈〈∂nK〉〉λn+ + 2ζ−,
η• ≡ −〈〈∂nK〉〉λn+ + ζ−, (3.23)
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whose supersymmetry transformations are
〈〈δχ•〉〉 =
〈
3ieK/2
b0
g1
〉
(ǫ1 + ǫ2),
〈〈δη•〉〉 = 0, (3.24)
where the upper and lower position of dot represent left and right chirality respectively.
As we see in the next section, gravitino ψ−, hyperino ζ+, gaugino λa− and χ are massless
fermions while gravitino ψ+, gaugino λ
aˆ
+ and η are massive physical fermions. N = 2 local
supersymmetry is spontaneously broken to N = 1 and χ is the Nambu-Goldstone fermion.
We will confirm this in the next section.
IV. Mass Spectrum
A. Fermion Mass
Let us consider the fermion mass spectrum. Substituting (3.21) into LYukawa, we obtain
LYukawa = −i
〈 √
2eK/2
b0
g1
〉 (
ψ¯+µ γ
µνψ+ν − iχ¯•γµψµ+ +
1
3
χ¯•χ• − 1
3
η¯•η•
)
+
1
2
√
2
〈
eK/2
b0
g3Faan
〉
λ¯a−λa− + . . .+ h.c., (4.1)
The Nambu-Goldstone fermion χ coupling to the gravitino ψ+ can be removed from the
action by redefining the gravitino:
ψ+µ → ψ+µ +
i
6
γµχ•. (4.2)
We obtain
LYukawa = −i
〈 √
2eK/2
b0
g1
〉 (
ψ¯+µ γ
µνψ+ν −
1
3
η¯•η•
)
+
1
2
√
2
n∑
a=1
〈
eK/2
b0
g3Faan
〉
λ¯a−λa− + h.c. .
(4.3)
The gravitino ψ+ has acquired a mass by the super-Higgs mechanism.
The kinetic terms of the massive fermions are
L(f)kin =
ǫµνλσ√−g ψ¯
A
µ γν∂λψAσ −
i
3
η¯•γµ∂µη• − i
n∑
a=1
〈〈gaa∗〉〉 λ¯a−γµ∂µλa∗− + . . .+ h.c. (4.4)
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We obtain the mass of the fermions from the equations of motion. The gravitino mass m
and the mass of the gauginos ma are respectively
m =
∣∣∣∣∣
〈 √
2eK/2
b0
g1
〉 ∣∣∣∣∣ ,
ma =
∣∣∣∣〈 eK/2√2b0 g3Faangaa∗
〉 ∣∣∣∣ . (4.5)
Notice that the mass of the physical fermion η• is the same as the gravitino, that is, m. ψ+
and η• will form a N = 1 massive multiplet of spin (3/2,1,1,1/2), while λa−, together with
the scalar fields, will form N = 1 massive chiral multiplet. This mass spectrum is analogous
to the rigid counterpart [24].
B. Boson Mass
Let us compute the masses of the scalar fields by introducing the shifted fields z˜a = za−〈〈za〉〉.
The second derivatives can be easily evaluated
〈〈∂a∂b∗V 〉〉 =
〈
2ieK
(b0)2
Cacdg
ce∗(∂b∗D¯
x
e∗)g
df∗D¯xf∗
〉
= δab
〈
eK
2(b0)2
|g3Faan|2gaa∗
〉
,
〈〈∂a∂bV 〉〉 = 0. (4.6)
Thus, the kinetic terms and the mass terms are∑
a
(
〈〈gaa∗〉〉 ∂µz˜a∂µ ¯˜za∗ −
〈
eK
2(b0)2
|g3Faan|2gaa∗
〉
z˜a ¯˜za
∗
)
. (4.7)
The mass of z˜a is the same as (4.5), namely, the mass of λa−. They form N2 massive chiral
multiplets as we have anticipated,
The gauge boson masses appear in the kinetic terms of the hypermultiplet scalars
huv∇µbu∇µbv = 1
2(b0)2
(g21A
0
µA
0µ + g23A
′n
µ A
′nµ) + . . . , (4.8)
where
A′nµ = A
n
µ +
(
g2
g3
)
A0µ. (4.9)
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The kinetic terms of the gauge bosons are 1
4
(ImN )ΛΣFΛµνFΣµν , and we compute the gener-
alized coupling matrix N (2.9) on the vacuum:
〈〈NΛΣ〉〉 =

〈〈N00〉〉 0 · · · · · · 0 〈〈N0n〉〉
0 〈〈G11〉〉 0 · · · 0 0
... 0 〈〈G22〉〉 ... ...
...
...
. . . 0
...
0 0 · · · 0 〈〈Gn−1,n−1〉〉 0
〈〈Nn0〉〉 0 · · · · · · 0 〈〈Nnn〉〉

, (4.10)
with
Im 〈〈N00〉〉 =
〈
e−K
2
〉
g21 + g
2
3
g21
,
Im 〈〈N0n〉〉 = Im 〈〈Nn0〉〉 =
〈
e−K
2
〉
g2g3
g21
,
Im 〈〈Nnn〉〉 =
〈
e−K
2
〉 (
g3
g1
)2
. (4.11)
Therefore the gauge boson kinetic terms are
1
4
Im 〈〈NΛΣ〉〉FΛµνFΣµν = −
〈
e−K
8
〉
F 0µνF
0µν −
〈
e−K
8
〉 (
g3
g1
)2
F ′nµνF
′nµν
+
1
4
∑
aˆ
Im 〈〈Gaˆaˆ〉〉F aˆµνF aˆµν , (4.12)
where we have defined F ′nµν = ∂µA
′n
ν − ∂νA′nµ . We can read off the masses of gauge boson A0µ
and A′nµ from (4.8) and (4.12). Both of them agree with (4.5).
We summarize the mass spectrum of our model in the table below:
N = 1 multiplet field mass
gravity multiplet eaµ, ψ
−
µ 0
spin-3/2 multiplet ψ+µ , A
0
µ, A
′n
µ , η• m
SU(N) vector multiplet Aaˆµ, λ
aˆ+ 0
SU(N) adjoint chiral multiplet λaˆ−, zaˆ maˆ
chiral multiplet λn−, zn mn
chiral multiplet ζ+, b
0, b1 0
The N = 1 gravity multiplet consists of the vierbein and the gravitino ψ−µ while the massive
gravitino ψ+µ , U(1) gauge boson A
′n
µ , the graviphoton A
0
µ and the fermion η• form a massive
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spin-3/2 multiplet. The N = 2 U(N) vector multiplet is divided into a N = 1 vector
multiplet and a chiral multiplet. The N = 1 SU(N) vector multiplet consists of massless
gauge bosons Aaˆµ and gauginos λ
aˆ+. On the other hand, the gaugino λaˆ− and the scalar field
zaˆ form chiral multiplets which belong to the SU(N) adjoint representation. The hyperino
ζ+ and the scalars b
0, b1 form an N = 1 chiral multiplet.
Note that the U(1)graviphoton×U(N) gauge symmetry is broken to SU(N) and the vacuum
lies in the Higgs phase.
V. N = 1 Lagrangian
In the last section, we have considered the lowest order terms with respect to the fermion
fields and the shifted scalar fields z˜a in LYukawa and V . We will now reexpress the remaining
terms in LYukawa and V by z˜a as well. In [29, 30], the reduction procedure fromN = 2 toN =
1 has been completed and LYukawa and V have been given in terms of a superpotential. Here,
we find that the resulting N = 1 Lagrangian on the vacuum is written by the superpotentials
which are related each other by eq. (5.9).
The holomorphic function F(z) is expanded in the shifted fields z˜a as,
F(z) = F(〈〈z〉〉+ z˜) = 〈〈F〉〉+ F˜ , (5.1)
where
F˜ = 〈〈Fa〉〉 z˜a + 1
2!
〈〈Fab〉〉 z˜az˜b + 1
3!
〈〈Fabc〉〉 z˜az˜bz˜c + . . . . (5.2)
Similarly, Fa and Fab are
Fa = 〈〈Fa〉〉+〈〈Fab〉〉 z˜b+ 1
2!
〈〈Fabc〉〉 z˜bz˜c+. . . . = F˜a,Fab = 〈〈Fab〉〉+〈〈Fabc〉〉 z˜c+. . . . = F˜ab. (5.3)
The derivatives are taken with respect to z˜a in F˜a and F˜ab. The Ka¨hler potential and its
derivatives are
K = − log i
[〈〈F − F¯〉〉+ F˜ − ¯˜F − 1
2
(〈〈za − z¯a〉〉+ za − z¯a)(F˜a + ¯˜Fa)
]
, (5.4)
∂aK = − i
2K0 (F˜a −
¯˜Fa − (〈〈za − z¯a〉〉+ za − z¯a)F˜ab) = ∂˜aK, (5.5)
gab∗ = ∂˜aK∂˜b∗K − i
2K0 (F˜ab −
¯˜Fab) = g˜ab∗ , (5.6)
where ∂˜a = ∂/∂z˜
a.
16
Let us now define the ‘two’ superpotentials by
W(z˜, ¯˜z) ≡ eK/2W (z˜) ≡ 2(S11 − S12) = e
K/2
√
2b0
g3(F˜n − 〈〈Fn〉〉), (5.7)
S(z˜, ¯˜z) ≡ eK/2S(z˜) ≡ 2(S11 + S12) = e
K/2
√
2b0
(2g2 + g3(F˜n + 〈〈Fn〉〉)), (5.8)
where SAB is the gravitino mass matrix. Note that W and S are related as follows:
W = S + i
√
2g1e
K/2
b0
. (5.9)
Thus, they are not independent quantities. In the following, however, we will write down the
resulting Lagrangian, using both W and S. These quantities appear in the gravitino mass
terms as
2SABψ¯
A
µ γ
µνψBν = Wψ¯−µ γµνψ−ν + Sψ¯+µ γµνψ+ν . (5.10)
The covariant derivative of W and that of S are respectively
∇˜aW = e
K/2
√
2b0
g3(F˜na + ∂˜aKF˜n − ∂˜aK 〈〈Fn〉〉)
= gab∗(W¯
b∗
2;11 − W¯ b
∗
2;12), (5.11)
∇˜aS = e
K/2
√
2b0
(2g2∂˜aK + g3(F˜na + ∂˜aKF˜n + ∂˜aK 〈〈Fn〉〉))
= gab∗(W¯
b∗
2;11 + W¯
b∗
2;12), (5.12)
∇˜a∇˜bW =
√
2(M2;a1|b1 −M2;a1|b2), (5.13)
∇˜a∇˜bS =
√
2(M2;a1|b1 +M2;a1|b2), (5.14)
where W¯ b
∗
AB = (W
bAB)∗. These are used to evaluate the second term and the last term of
LYukawa:
igab∗W
aABλ¯b
∗
A γµψ
µ
B = e
K/2g˜ab∗Da(λ¯b∗−γµψµ+ − λ¯b
∗
+γµψ
µ
−)
+ i ¯˜∇a∗W¯ λ¯b∗−γµψµ− + i ¯˜∇a∗ S¯λ¯b
∗
+γµψ
µ
+, (5.15)
MaA|bBλ¯aAλbB = M1;a1|b2(λ¯a−λb+ − λ¯a+λb−)
+
1√
2
∇˜a∇˜bWλ¯a−λb− + 1√
2
∇˜a∇˜bSλ¯a+λb+. (5.16)
We now manage to reexpress LYukawa by the shifted scalar fields, the superpotentials and
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their covariant derivatives:
LYukawa = Wψ¯−µ γµνψ−ν + i( ¯˜∇a∗W¯ λ¯a
∗
− − 2W¯ ζ¯+)γµψµ− − eK/2g˜ab∗Daλ¯b
∗
+γµψ
µ
−
+Sψ¯+µ γµνψ+ν + i( ¯˜∇a∗ S¯λ¯a
∗
+ + 2S¯ ζ¯−)γµψµ+ + eK/2g˜ab∗Daλ¯b
∗
−γµψ
µ
+
+W ζ¯+ζ+ + S ζ¯−ζ− − 2∇˜aW ζ¯+λa− + 2∇˜aS ζ¯−λa+ (5.17)
+M1;a1|b2(λ¯a−λb+ − λ¯a+λb−) + 1√
2
∇˜a∇˜bWλ¯a−λb− + 1√
2
∇˜a∇˜bSλ¯a+λb+ + h.c. .
Let us turn to the scalar potential V , which we rewrite in terms of the mass matrices as
V = −12S¯1ASA1 + g˜ab∗W¯ b∗1AW a1A + 2N¯α1 N1α. (5.18)
This equation is also obtained from the supergravity Ward identities in the reference [27].
Note that S¯AB = (SAB)
∗ and N¯αA = (N
A
α )
∗. The first term is
− 12S¯1ASA1 = −6((S11 − S12)(S¯11 − S¯12) + (S11 + S12)(S¯11 + S¯12))
= −3
2
(|W|2 + |S|2), (5.19)
and the second term is
g˜ab∗W¯
b∗
1AW
a1A = g˜ab∗
(
W¯ b
∗
1;12W
a12
1 + W¯
b∗
2;11W
a11
2 + W¯
b∗
2;12W
a12
2
)
= eKg˜ab∗DaDb + 1
2
g˜ab
∗∇˜aW ¯˜∇aW¯ + 1
2
g˜ab
∗∇˜aS ¯˜∇aS¯. (5.20)
In the first equality, we have used (2.19). The last term is
2N¯α1 N
1
α = |W|2 + |S|2
=
1
2
huv∇uW∇vW¯ + 1
2
huv∇uS∇vS¯, (5.21)
where u, v = 0, 1 and huv ≡ δuv/2(b0)2. Note that ∇uW = ∂uW. Substituting (5.19)-(5.21)
into (5.18), we obtain
V = eK/2gab∗DaDb + 1
2
g˜ab
∗∇˜aW ¯˜∇aW¯ + 1
2
g˜ab
∗∇˜aS ¯˜∇aS¯
−3
2
|W|2 − 3
2
|S|2 + 1
2
huv∇uW∇vW¯ + 1
2
huv∇uS∇vS¯. (5.22)
This is the final form of the scalar potential. We can see that LYukawa and the scalar potential
take essentially the same form as that of the usual N = 1 supergravity models (such as [28]
or [29, 30]).
As is pointed out in [13], if we force the gravity and the hypermultiplet to decouple,
the gravitino mass (4.5) becomes zero. Thus, the gauge boson corresponding to the over-
all U(1) and the graviphoton become massless in this limit. The Higgs phase of overall
U(1)graviphoton × U(1) approaches the Coulomb phase.
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Appendix
Here we prove the second vacuum condition (3.17) leads to 〈〈Fnn〉〉 = 0. As mentioned
above, if 〈〈Fnn〉〉 = 0, (3.17) is automatically satisfied. Thus, let us consider the case 〈〈Fnn〉〉 6=
0. We write Fnn as
Fnn = F1 + iF2, (A.1)
where F1, F2 ∈ R. From (3.12), (3.10) and (3.16), by using F1 and F2, we obtain
〈〈gnn∗〉〉 =
〈〈|∂nK|2〉〉+ F2〈〈K0〉〉 , (A.2)
〈〈∂nK + ∂n∗K〉〉 = i〈〈K0〉〉
(〈 Fnn
∂nK −
F¯nn
∂n∗K
〉
± 2ig1
g3
+ (λ− λ¯)F1
)
, (A.3)
〈〈∂nK − ∂n∗K〉〉 = 1〈〈K0〉〉(λ− λ¯)F2. (A.4)
The condition (3.17) can be written as
0 = 2g21 − 2g21
〈〈
gnn
∗|∂nK|2
〉〉∓ iY g1g3 + g23 〈 | Fnn∂nK|2
〉
, (A.5)
where we have defined Y as
Y ≡
〈 Fnn
∂nK −
F¯nn
∂n∗K
〉
=
1
〈〈|∂nK|2〉〉
[
F1 〈〈∂nK − ∂n∗K〉〉 − F2〈〈K0〉〉
(
Y ± 2ig1
g3
+ (λ− λ¯)F1
)]
. (A.6)
In the second equality, we have used (A.3). Using (A.2), we can solve the above equation
for Y :
Y 〈〈gnn∗〉〉 = ∓ F2〈〈K0〉〉2i
g1
g3
. (A.7)
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Substituting (A.7) into (A.5), we get
0 = 2g21 − 2g21
〈〈
gnn
∗|∂nK|2
〉〉− 2g21 〈 gnn∗ F2〈〈K0〉〉
〉
+ g23
〈
| Fnn
∂nK|
2
〉
= g23
〈
| Fnn
∂nK|
2
〉
, (A.8)
where we have used (A.2). Therefore, we conclude that when 〈〈Fnn〉〉 6= 0, the vacuum
condition leads to g3 = 0. This conflicts the assumption which is written in below (3.16).
Thus, we can say that the second vacuum condition implies 〈〈Fnn〉〉 = 0.
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